The diagnosis of spinal cord biopsies can be challenging. In addition to tumors, a variety of non-neoplastic lesions, including demyelination and vascular malformations, may cause diffuse enlargement of the spinal cord. The resemblance by imaging to a primary intramedullary tumor may prompt a biopsy. Due to the high risk of morbidity, only small biopsy samples are frequently obtained, amplifying the diagnostic difficulties.
Venous congestive myelopathy often results from impaired venous outflow secondary to a spinal arteriovenous fistula. [1] [2] [3] [4] The primary vascular pathology often lies outside the spinal cord. The secondary changes occurring in the spinal parenchyma, however, histologically can mimic an intraspinal vascular malformation or even a neoplasm. The most common location of spinal arteriovenous fistulas, accounting for 56% of cases, is dural, located by the root sleeve. 5 Foix-Alajouanine syndrome, also called subacute necrotizing myelopathy or angiodysgenetic necrotizing myelopathy, was the old term used to describe this progressive myelopathy. Clinically, it was characterized by progressive paraparesis, pain, sensory abnormalities of the lower limbs, and alterations in bowel, bladder, and sexual function. [6] [7] [8] The pathology of this syndrome, especially of the most severe cases, has been well characterized in postmortem studies. It includes an increased number of small hyalinized vessels, gliosis, vascular thrombosis, hemosiderin deposition, hypoxic/ischemic changes, and coagulative necrosis of the spinal cord. [8] [9] [10] The spinal dural arteriovenous fistula usually localizes to the lower thoracic and/or lumbosacral levels; cervical cord involvement is rare. [11] [12] [13] In the typical spinal dural arteriovenous fistula, engorged tortuous vascular channels are identified in the subarachnoid space predominantly on the dorsal aspect of the cord, a consequence of the impaired spinal venous drainage. 2, 11, 12 Venous congestive myelopathy can also be caused by arteriovenous fistulas occurring intradurally and involving the perimedullary space, or rarely extradurally.
2 Similar pathologic changes have also been rarely reported in the absence of a demonstrable fistula or of abnormal spinal surface vessels. [13] [14] [15] Magnetic resonance imaging (MRI), by demonstrating the presence of enlarged, contrast-enhancing tortuous vessels in the subarachnoid space, spinal cord swelling and enhancement, and increased spinal cord signal on T2-weighted images may prompt consideration of the diagnosis of venous congestive myelopathy. [16] [17] [18] However, these characteristic changes are not always apparent and, in the absence of a demonstrable spinal dural arteriovenous fistula, the preoperative differentiation from a tumor may be impossible. 16 Even when clinically suspected, a spinal dural arteriovenous fistula may be difficult to demonstrate unless complete selective digital subtraction spinal angiography is performed. 19 The surgical pathologist may encounter spinal cord biopsies from these patients; thus it is necessary to be familiar with the histologic features of venous congestive myelopathy to avoid a misdiagnosis of neoplasm and to identify a surgically treatable condition. 11, 12, [20] [21] [22] [23] Herein, we report the clinical/histopathologic findings and follow-up in a group of seven patients who underwent spinal cord biopsy with a preoperative clinical and radiographic diagnosis of neoplasia. All were found to have histologic findings characteristic of venous congestive myelopathy and suggestive of an associated spinal dural arteriovenous fistula.
Materials and methods

Patients
This study was approved by and undertaken in accordance with the regulations of the Mayo Foundation Institutional Review Board. Review of the records of the department of pathology identified 11 patients who underwent spinal cord biopsy between 1994 and 2003 to rule out a tumor, and in whom the final pathology report was suggestive of venous congestive myelopathy as associated with an arteriovenous fistula. Four patients were excluded for lack of adequate clinical and radiologic information. Of the remaining seven, three patients were evaluated at Mayo Clinic and four were identified in the consultation files of one of the authors (BWS). Five patients were male and two female. Their mean age was 59 years (SD711; range 31-73 years) ( 
Results
Clinical Findings
Relevant clinical data is summarized in Table 1 . All patients originally presented with subacute neurologic symptoms. Preoperative MRI showed spinal cord enlargement with T2-hyperintensity (86%) and contrast enhancement (57%). In one thoracic level case (case 7), T2-hyperintensity with no definite spinal cord enlargement was seen. Conventional spinal angiograms were performed in two patients (cases 1 and 3); both were negative although one of them was categorized as incomplete upon the second review (case 1). An example of spinal cord enlargement is illustrated in Figure 1 (case 1). In this case, angiography had been prompted by the MRI finding of abnormal vasculature on the posterior surface of the spinal cord, but was negative. In case 3, no abnormal vasculature was noted either by MRI or intraoperative inspection.
Pathology Findings
Given their small size, the spinal cord biopsies frequently showed distortion of architecture. Gliosis and mild glial atypia were often seen (57%) ( Figures  2-5 ). In all cases, there was an increased number of small vessels with markedly hyalinized vascular walls (Figures 2 and 5 ). There was frequently (71%) a relative myelin loss as best demonstrated on LFB/PAS (Figure 5b ). Neurofilament stains showed axonal loss only in the two cases featuring necrosis. The findings were not those seen in primary demyelination given the following observations: hemosiderin deposition, predominantly perivascular and indicative of previous bleeding, was commonly seen (71%) (Figures 2b, inset, and 5c). Scattered Rosenthal fibers were present in some Figures 3b and 5e ). Vascular thrombosis and necrosis were seen each in two cases (29%) (Figure 4 ). Vascular thrombosis was the only feature seen exclusively in patients found subsequently to have a spinal dural arteriovenous fistula (two of three patients). Vessel wall calcification was not observed in any of the cases. The distribution of these various findings is summarized in Table 2 .
Clinical Follow-up
The histologic changes noted above suggested the possibility of an associated spinal dural arteriovenous fistula. Indeed, this was subsequently identified in three patients (cases 1, 3 and 4) by selective spinal angiography (ie injection of all thoracic intercostal arteries). This included the two patients (cases 1 and 3) with previously negative conventional spinal angiograms. In case 4, upon review of the histologic findings, consistent with venous congestive myelopathy, a magnetic resonance angiogram suggested a fistula in the vicinity of T9 or T10 on the right, later confirmed by selective spinal angiography ( Figure 6 ). Two patients (cases 2 and 6) also underwent further angiographic studies. Case 2 had been referred with a diagnosis of astrocytoma. Upon review of the biopsy findings, neoplasia was excluded. Considering, in addition, the intraoperative description of increased vascularity over the posterior surface of the cervical cord, both intracranial and complete spinal angiograms were obtained; no arteriovenous fistula was identified. The patient was followed clinically without further intervention, and no clinical deterioration occurred. Case 6 underwent spinal and abdominal angiography, as well as a computed tomography myelogram; all were negative. In cases 5 and 7, further angiographic studies were not pursued and the patients were followed with spinal MRI only.
The mean clinical follow-up time after spinal cord biopsy of all patients was 13.6 months (range 1-26 months). The three patients with a spinal dural arteriovenous fistula underwent surgical disconnection of the fistulas. One of these patients experienced mild clinical and radiographic improvement, while two remained stable. Of the four patients in whom a fistula could not be demonstrated, one patient showed significant clinical and radiographic 
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FJ Rodriguez et al improvement 18 months postbiopsy, one showed slight improvement in bowel and bladder function, one remained stable clinically and radiographically, and one, despite stable MRI findings at 26 months, progressed to complete paraplegia.
Discussion
The spectrum of histologic changes described in venous congestive myelopathy is quite characteristic of the condition and is important to recognize. The identification in a spinal cord biopsy of these complex changes as reactive is of fundamental importance for two reasons. The first is the exclusion of a diagnosis of neoplasia. The second is the recognition of an often curable lesion. This constellation of findings has been in fact associated primarily with arteriovenous fistulas, a common group of spinal vascular malformations, historically obscured by a confusing terminology. [24] [25] [26] The most recent classifications of spinal arteriovenous fistulas have emphasized the pathological anatomy of the vascular channels, encompassing all surgical vascular lesions and providing a clear rationale to guide treatment. 12, [27] [28] [29] We find particularly simple and useful the distinction of arteriovenous fistulas as dural, intradural (perimedullary and intramedullary), and extradural based on the location of the fistula. 26 The most common of these, spinal dural arteriovenous fistula, as well as the less frequently encountered perimedullary and epidural fistula all can cause a progressive myelopathy. 2, 30 Intramedullary fistulas, which are rare, often present with hemorrhage. 12 The underlying pathophysiologic mechanism of the myelopathy induced by arteriovenous fistulas is now believed to involve passive venous congestion of the cord, [1] [2] [3] [4] 31 because arterial blood originating from the fistula enters the perimedullary venous plexus, a valveless system, increasing pressure and impairing normal drainage from the cord parenchyma. The preferential involvement of the distal spinal cord, even when the fistula itself is identified several levels above the lesion, presumably is due to orthostasis. 12 Pathologically, development of changes secondary to venous congestion and stasis in the spinal cord parenchyma occurs, as described above. For this condition, the old term FoixAlajouanine syndrome has been used in the literature and in authoritative neuropathology textbooks. 6, [8] [9] [10] These authors described the two original patients in 1926 who presented with progressive paraplegia, sensory abnormalities, and loss of sphincter control. Postmortem examination revealed markedly distended and tortuous intrathecal vessels, atrophy of the distal cord, necrosis, and proliferation of small hyalinized vessels, for which they used the term myelite necrotique subaigue (subacute necrotizing myelopathy). 7 It was not until the 1970s, with continuous improvement in radiologic imaging, that the etiology of the majority of the cases was ascribed to a spinal dural arteriovenous fistula draining into intradural medullary veins.
1,2 Large series of patients with this condition have been reported in recent decades. 11, 12, 23 and their clinicoradiologic characteristics and therapeutic approaches have been well studied. Generally, the condition is suspected by the characteristic clinical syndrome and radiologic findings. The fistula is corrected surgically or by embolization, 20, 32 and spinal cord biopsy is usually not necessary. MRI total  100  29  0  71  43  29  71  57 characteristically shows spinal cord enlargement and T2 hyperintensity with variable contrast enhancement, 10, 11, 15, 17, 19 often in the early course of the disease, features that are also present in spinal cord tumors. More specific signs, leading to a diagnosis of spinal dural arteriovenous fistula, include demonstration of serpentine vessels predominantly on the dorsal surface of the spinal cord, 19 and probably the recently described peripheral spinal cord hypointensity by T2 sign. 33 Occasionally, spinal cord biopsies from such cases may come to the surgical pathologist. The typical pathologic spinal cord findings have largely been described in older reports [6] [7] [8] [9] [10] 24, 25 based on cases observed at autopsy, and without correlation with modern imaging techniques. Reports of the histologic findings of venous congestive myelopathy in spinal cord biopsies are scant. 34 Not all cases with pathologic findings typical of venous congestive myelopathy appear to be associated with a spinal dural arteriovenous fistula. For example, Mirich et al 15 reported four patients with preoperative MRI findings suggestive of tumor. A spinal cord biopsy was performed and morphology suggested venous congestive myelopathy as seen with an arteriovenous fistula; however, MRI and myelography demonstrated no abnormal vessels. The authors concluded that the changes may be an expression of a primary intramedullary vascular malformation, rather than one secondary to a spinal dural arteriovenous fistula. However, despite the presence of prominent veins identified intraoperatively overlying the cord in two of the four patients, no attempt was made to identify a fistula by spinal angiography. Similarly, Montine et al 13 reported three patients with an abnormal MRI and histopathologic findings alike to those described above and concluded that the findings may be an expression of an isolated intramedullary spinal vascular malformation. In their cases, myelography and intraoperative inspection revealed no abnormal vessels; however, no angiographic studies were performed in any of the patients. Schwartz et al 14 discussed two patients with an MRI suggestive of a spinal cord neoplasm and biopsy findings suggestive of venous congestive myelopathy. Spinal angiography and myelography were performed in one of the patients and revealed no fistula. The authors compared the histologic findings to those reported in venous congestive myelopathy associated with a spinal dural arteriovenous fistula. Unlike the latter, their biopsies lacked necrosis and featured greater vascular density than is typically seen in fistulaassociated cases. This conclusion would not be supported by the findings in our cases, in which the only difference between the patients with a demonstrable fistula and those without was microvascular thrombosis in the former (two of three patients). In our series, necrosis was noted in one patient in each group. In light of the three published series noted above, it is of interest that in ours, despite histopathologic findings typical of venous congestive myelopathy, a spinal dural arteriovenous fistula was demonstrated in only three of seven cases. Possible explanations for the absence of a demonstrable fistula are several, starting with the limitations of the studies used to identify the fistula. Indeed, the spinal dural arteriovenous fistula can be missed if complete selective spinal angiography (ie entire thoracic and lumbar, if needed) is not performed. Secondly, the fistula may be found distant from the site of cord signal abnormality, even being intracranial. [35] [36] [37] In such cases, 4-vessel cerebral angiography must be performed, especially in those rare instances involving the cervical cord. Alternatively, feeder vessels supplying the fistula may originate in the pelvis. The demonstration of vessels supplying spinal dural arteriovenous fistulas may be compromised by atherosclerosis of segmental vessels 35 or thrombosis of the draining veins. 3 Venous congestive myelopathy can be a diagnostic challenge for the clinician and pathologist alike. As discussed above, the neuroimaging findings may lead to a preoperative misdiagnosis of neoplasia and result in a spinal cord biopsy. In those instances, the surgical pathologist plays an essential role in suggesting the possibility of a spinal dural arteriovenous fistula, a condition that may be treated leading to substantial recovery with a timely and accurate diagnosis. 
